An anatomical study of the dorsal and ventral nasal conchal bullae in normal horses: horses, but the anatomy of these two structures is poorly documented. Objectives: To describe the anatomical features, dimensions and relationships to adjacent 7 structures of the DCB and VCB in normal horses using computed tomography (CT). shown to be free of sino-nasal disease were categorised into three age groups (0-5; 6-15; >16 11 years of age). Linear and volumetric measurements and descriptive anatomical assessments 12 of the DCB and VCB were produced from these CT images and the anatomical relationships 13 between the DCB and VCB and the adjacent structures, particularly the maxillary cheek 14 teeth, were examined. The associations between bullae dimensions with horse ages and skull 15 dimensions were assessed using linear regression.
Introduction

35
The standard nasal conchal (turbinate) pattern in domestic animals is of a large dorsal and 
42
The dorsal and ventral equine nasal conchae each contain an air filled bulla, which have been correctly as the Bulla conchalis dorsalis and Bulla conchalis ventralis [1, 6] . Espersen (1952) 46 published line diagrams of these nasal bullae [7] . Confusingly, the thin, bulbous, dorsal 47 aspect of the maxillary septum has also frequently been termed the Ventral conchal bulla, [8] 48 however it has recently been recommended that this structure is more appropriately termed 49 the maxillary septal bulla (Bulla of the septum sinuum maxillarium) [7, 9] . commonly as a sole disorder [9] . Despite the clinical importance of the nasal conchal bullae, 54 their anatomy remains poorly described, particularly in the English language literature.
55
The advent of computed tomography (CT) has permitted much more accurate imaging of the 56 complex equine sino-nasal region, including allowing detailed anatomical studies of the 57 paranasal sinuses to be performed [3,4,9,12,13]. Additionally, the ability to perform CT 58 imaging in standing sedated horses has resulted in improved acceptance by owners,
59
facilitating its increased clinical use.
60
A companion study [14] has examined the gross anatomical and histological features of these 61 nasal bullae in normal horses. The aim of this study is to describe the anatomy of the DCB 62 and VCB using CT, focusing on their linear and volumetric dimensions, and age-related 63 changes in these parameters, as well as the anatomical relationships of the bullae to adjacent 64 maxillary cheek teeth.
66
Material and methods
67
Specimens
68
Heads were available from two sources:
69
Group A: The heads of 28 horses with unknown histories were collected from an abattoir 70 (Scottish rendering facility). These grossly appeared similar in size to Thoroughbred horse 71 heads.
72
Group B: Anatomical and CT images of a further 32 equine heads that had also been obtained Age of animals in both groups was estimated by clinical and/or imaging dental examinations 76 of heads, which were then categorised into one of three age groups: 0-5 years old (n= 13); 6-77 15 years old (n=21); > 16 years old (n=26).
78
Imaging Protocols
79
Computed tomographic images of the 28 Group A heads were acquired with a multislice 80 scanner (Siemens Volume Zoom) using a 512x512 Matrix, 120 Kv, 300 mA, at a slice 81 thickness of 1.5 mm, with the skulls positioned on their mandibles. Transverse CT images of 82 the head were acquired in a helical scan mode. The CT images were examined by imaging 83 and surgical Diplomates for the presence of sinonasal disease or significant dental 84 abnormalities including the following: apical changes, presence of gas within dental pulps 85 and apices, dental dysplasia, supernumerary teeth, apical fractures, sinus mucosal thickening, 86 abnormal sinus content, and frontal, nasal or maxillary bone changes. Suspect lesions were 87 subsequently directly examined following transverse or longitudinal sectioning of the skulls 88 using a band saw. Thirty heads which showed sino-nasal or any of the above dental 89 abnormalities were excluded from the study.
90
The CT images of the 32 horses in Group B were acquired using a 4 th Generation, Universal at Triadan 06 level. These three measurements were multiplied together to produce a 124 measurement of "head volume" for each horse. caudal measures from each horse were then plotted, subdivided by age group (Fig 3) . 
Statistical Analysis
144
Paired T-tests were used to examine for statistically significant differences in length, height,
145
width and volume between left and right DCB and VCB; and between the two methods used 146 to calculate conchal bullae volumes.
7
Correlation matrices were calculated and linear regression was used to examine the 148 relationships between bullae sizes and "head" sizes for each of: length, height, width and 149 volume.
150
Linear regression was used to evaluate the relationship between bullae volumes and age 151 groups.
152
To examine how the head sizes (length, width, height, volume) of the study population underestimating the bullae volumes, compared to the total slice protocol ( Table 1) .
187
Consequently, all subsequent volume analyses were made using the total image slice 188 protocol.
189
There was no statistical difference between the volumes of the left and right DCB or VCB in All parameters of sizes and volume were significantly associated between bullae and heads.
195
Results of correlation matrices and linear regressions between bullae and head sizes are
196
shown in Table 2 . Associations with age
199
Results of linear regression between bullae volumes and age groups are shown in Figure 5 . 
249
In contrast, calculating nasal conchal bullae volumes using the current software (Osirix®)
250
[15] was much quicker (1.5hour/head), required minimal training and no software purchase.
251
Osirix volume calculation necessitates the manual outlining of the inner border of each CT 252 image slice for each bulla, making it prone to human error, due to the undulating inner in the area of the bullae might be expected, an inclusion criteria of this study was that the 268 population were free of sino-nasal disease. thought acceptable for the analyses in this paper, whose aim was to measure bullae sizes.
278
Considerable ranges in bullae linear and volumetric measurements were observed, and this
279
variation was most marked in the VCB (Table 1) . Horses in the youngest age group had 280 significantly smaller DCBs and VCBs than those in the oldest age group. Many of the horses 281 in the youngest age group had significant lateral compression of their VCBs (Fig 4B) due to 282 intrusion of the alveoli of young maxillary cheek teeth apices into the nasal passages. and oldest age groups is thought likely to be related to changes in overall head size as the 286 animal grows. The lack of the significance when comparing the middle age group is likely 287 related to reduction in growth rate after the age of 5 years.
289
A limitation of this study was the absence of breed information for the examined heads.
290
Comparison of head linear and volume parameters with 12 adult Thoroughbred horses 291 indicated the study cases were significantly (circa 10%) smaller than those of adult
292
Thoroughbreds and this should be taken into account when considering the normal range of 293 bullae sizes in horses.
13
Another limitation of this study was that it was performed on cadaver heads and thus the 295 normal venous distension of some areas of the nasal mucosa was absent and this venous 296 distension would likely have decreased the volumes of the DCB and VCB.
297
The rostral and caudal limits of the DCB were found to be parallel with the maxillary Triadan 
